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ABSTRACT

Full scale trials were conducted on the Stable Semi-Submerged Platform

(SSP) known as the SSP Kalmalino. a Small Water Plane Twin Hull (SWATH) with

an overall length of 87,8 ft (26.76m) and displacement of 193 tons (196 MTSW).

Trials were conducted in a Sea State 4 at various headings and speeds. A

helicopter was used to obtain motion and still photographs with an ocean-

going tug running alongside for comparison purposes. Measurements were

made of craft motions and accelerations as well as pressures on the cross

structure due to wae impacting.

ADMINISTRATIVE INFORMATION

These trials were conducted for the Systems Development Departmeft,

Advanced Concepts Office, David W. Taylor Navlw Ship Research and Develop-aet

Center (DTNSRDC), under wor'k unit 1-1170-090.
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INTRODUCTION

Seaworthiness trials were conducted on the SSP Kaimalino as part of

the David W. Taylor Naval Ship Research and Development Center (DTNSROC)

trials program. The craft, designed by the Naval Undersea Center, (NUC)

Pearl Harbor, was built at the Curtis Bay Coast Guard Shipyard. The

seakeeping trials reported herein were conducted off Oahu Island, Hawaii

in July 1975.

Experiments were conducted in head, bow, beam, quartering and following

Sea State 4 (Significant wave height approximately 6 ft or about 2 n) at

various speeds. Measurements were made of the seaway, the craft pitch,

roll, heading angle, relative motion at the bow, angular rates and vertical

and horizontal accelerations at various craft locations. In addition,

pressures due to wave impact on the cross structure were measured at various

locations along the length of the craft. t helicopter obtained motion

p•ctuee and still photographs of several runs with ao oceangoinrg tug

IArF) Gper.ting alongside to obtain i visual record for comariion of

the motions of the two craft. Some of the data obtaihe on the full-

-'ale craft may prove suitable for ý,se in coaftwing model and fult-

scale experimental reiultt.

CRAFT DESCRIPTION

Prindipal dimfniioni and other craft charactertitict are cretenmd ii

Table 1, 4 detailed ditcu~ilon of craft de%19" amd C0Mi%?VC0( ti given

2€



In Reference I

Although the craft waterline and displacement varied from ddy to day

because of varied fuel loading, trial results were not significantly

affected. The mean draft and craft displacement were 15.67 ft (4.78 m),

15.92 ft (4.85 m) and 193.3 tons (196.4 MTSW), 195 tons (198.1 MTSW)

during the two days on which seakeeping trials were run. The vertical

center of gravity (VCG) was determined by an inclining experiment in

Hawaii.

Propulsion for the craft was provided by two 2230 horsepower gas

turbines geated through a chain drive to controllable pitch propellers.

Auxiliary diesel engine power, used for close quarter mmneuvering

dockside, was not used during seakeipimq trials.

Control surfaces on the craft were rudders, stern foil flaps and

forward canards. These surfaces were held fied during the data collecting

;ortiom of each run.

The 5SP it 4 twin strut SWATH dcigmn with most of the buoyancy ;OFv;ded

by lower submerged hults. Another feature of chit g4rt;cular deslgn i% the

"s.1)4 stern foil between thie lower hulls. ¶

Figure I is a sketch of the kWim4lfmo showing motion a4d acceleratiom

trans~ducar locations while press-ire transduc~er lect oms 3re 6hgiwn in

Figure 2.

r-r---'r•-v.4.. 4.0. Hightower 4md A.T. Stficklan4. "0**`qm and Devvlo,,tn 1
of thc I00 'fOTm Stable Seaisubeierled Platform (WSP)" Journm,! of
Emgin.lnoe for Industry. kavea**r 1974

"3 ,,*



DESCRIPT I3N OF MEASURE14ENTS AND INSTRUMENTATION

14aeurements were made of craft motions, accelerations, races and

wave impact pressures as well as of the seaway. Table 2 presents a

list of these measurements and the transducer locations. Pitch and

roll mtions as well as surge, sway and vertical accelerations were

measured by means of a stabilized platform located on the centerline

just forward of Frame 24. Vertical accelerations were also measured

In the pilot house (Frame 5) and on the port side of the well (Frame

35) Pitch, roll and yaw rates were measured by n-s of rate gyros

located just to port of the stabilized platform. Relative bow motion

was measured 3 feet forward of the craft nose by means of an ultrasonic

displacement transducer. Pressures due to wave Impacting on the

bridging Struct-ire were measured by means of strain-gaged dlaphragm

type pressure transducers rated at !00 psi with a flat respoise to

1000 hz and a naturol frequency of at least 10,000 hz, and thvs were

wa;;re than adeqAte to measure the impact phenomena. The seaway was

measured by a free flouting buoy which telemetered wave data to t"e

Qraft for re*ordit9$

'I ii04uring the *Aperiments the transducer sign l4 were avlified end

recorded iin analog fore on paper strip chart (including an oscillograph

for recording wave impa4r.ong phenometa) Qnd 4"Lf't magnetic taoe. The

6s yst•e for rev.ordftg impact% had 4 flat response to 1500 hZ ithich wat

more titan adequate for the phenowna -

'-I



Tho 7SP wia ther~ proctsed uref t'en Condtionr thead.~ bowl beam.u

quaridtarlond follorwingsea beqadi, Druiat about~ w9re aned 17 de knot

rna eaode Sate 4 (signwfiernteweavue heigh about6ftc orvt b m rders) Aoto

I0 mnutspolrel tme dta.a olle~dcatudfo echrumt condition. Inrt

caddtion abouth 5rc mirues. Atof t~e i~ data wa olceuigpotographic runs

rotIn~ pcnf~ormit with they procdu~tre fo r the othr tpesofteialt of a te

codition oeachr dall befre t~~rilbega.n. D raft wrea tP'. wtere the mdea

reoredaln wi~thO water~ tempratutre an sheii gra vityw im order to

detrmie atafth dislaemnt Tal imicte crafi ~~. t condi4~tion fo 0c

Pro obeimn the o'iatrials~ each dEythe~n~ -Mv Wv4tin fPwfy W

deployend by hecht*~ bo idicated bym *f4ic wbarý imemddto be i t

cemterof th tieed area Aotal twei dwi~ daa ectin~v om tf he

reaiepstoso uytjVF)F eVjdFte$?Ij~tCO



was executed until about 30 minutes of data had been recorded, No

changes to control surfaces or propulsion were made during the runs

except on two occasions wen the propeller began to broach the water

surface and the turbines idled down automatically by signal from the

turbine overspeed governor control.

TRIAL RESULTS

The motion data obtained during these trials were analyzed in both

the frequency and time domains. This analysis yields mean values, power

spectra, histograms and Fourier transforms as well as statistical informa-

tion about the time histories. The data presented in this report are the

significant double tmplitudes (average of the one-third highest peak to

peak eAcursions) of craft motions and accelerations such as relativ 0ow

motion, pitch and roll motions. Significant vertical accelerations were

measured at the bow, the stable platform location 3rd at the port side

of the well. Absolute vertical motions at these locations were calculated

by double integration c# the acceleration response spectra and are

designated as bow displacement, heave displacement and Port disolacement.

Significant sway and surage accelerations as well as pitch, roll #.to yaw

rates were measured at the stable platform location. Impact prtisure

data. extracted mnually frow oScillograph records, are presented in

tar• of frequency of impacting anW imact pressure histograms. Table 3

Presents mean Peading. speed, pitch and roll argle and control surface

angles for the various rfs..

S • - -



Figures 3 and 4 present the zero speed sea spectra recorded during

the first and second days of the seakeeping trials. Though the data

indicates the significant wave height to be slightly larger than 5 ft

(1.5 m) the seaway sample was measured in an area closer to shore than

that in which trials were conducted. From visual observations the

significant wave height in the operating area was closer to 6 to 7 ft (2m)

and the seaway unidirectionality was very good, moreso in the 14olakai

channel than off of Koko Head. Note the seaway data collected during

photo run 3 (Figure 3) is also presented as a function of wavelength/craft

length, x/L.

Figures 5 through 9 present results of experiments conducted In

head seas at various speeds. For the speeds tested there is no aDpreciable

speed effect on motions, absolute vertical motion, rates or surge and

sway accelerations. The vertical accelerations increase as speed

increases.

The high frequency of occurrence of impacts at gage 13 (Figure 8) 7ay

"be due to the large buildup of water around midships, common around 9

knots. Though the maximum pressure recorded at gage 13 was 9.8 psi

(67.6 KPa) and the pressure for most samples was 6 psi (41.4 KPa) or

less (see Figure 9). The N indicated on the pressure histograms is the

total number of impacts samples during the run. The relative frequency is

cai.ulated by dividing the number of samples in a particular pressure

range CO to 2 psi (13.8 KP&) for example) by the total number of samples,

N, and multiplying by 100.

I .,



Fioures 10 through 14 present results of experiments conducted in

bow quartering seas at various speeds. Here too, there is no speed

effect on motions, absolute vertical motions, rates or surqe and sway

acceleration. The vertical accelerations increase as speed increases

up to about 16.5 ktots.

The high frequency of occurrence of impacts at qaqe 11 (Figure 13)

and the low pressure maqnitudes (see Fiure 14) are due to the water

rising up the inside of the starboard forward strut since the seaway was

from the port bow direction.

Figures 15 thrr-:'h 19 present results of experiments conducted in

beam seas at variou. speeds. There is an increase in roll motion and

roll rate as speed increases :'rom 9 to 17 knots and an increase inI relative bow motion as speed increases from 9 to 12 knots. Sample strip

t j chart records (Figure 15A) indicate that pitch and roll are in phase.

Figures 18 and 19 indicate very little impactinq except at qaqe 10.

Mote that in Table 3 the mean roll angle during the run in which gage 10

is on the forward starboard strut and the seaway was from the port beam.

j FigLres 20 through 24 present results of experiments conducted in

N stern quarterinq seas at various speeds. There is ;.n increase in pitch,

j roll andi relative bow motiov as speed increases from 9 to 16 knots while

[ i the accelerations and rates remain fairly constant because at this heading,

*. for a given wave lenqth. the encounter frequency decreases as the craft

speed increases. The encounter period for a 400 ft (122m) wave lenqth is

i7i



CONCLUSiONS AND RECOMMENDATIONS

The limited amount of full scale seakeeping data reported herein

tends to indicate the following trends for the SSP Kaimalino operating

in Sea State 4.

1. Motions in head and bow quartering seas are smaller thanA in stern quartering and following seas uD to about 17 knots.

2, Vertical accelerations increase as speed increases in head

and bow quartering seas but vary little with speed in stern quartering

and following seas.

3. Frequency of wave impacting in the bow area of the bridging

structure appears higher in quartering and following sea conditions due to

the larger bow down pitch attitudes which occur frequently at these headinqs.

These bow down attitudes are also resDonsible for the two cases of propeller

ventilation. However, propeller ventilation was overcome by trimming tle craft
Lcraf

bow up by use of control surface.

4. Since very few samples of impact data were collected during this

trial, it is highly recommended that conclusions concerning frequency of

impacting and impact pressure magnitudes should not be drawn from this

limited amount of data.

5. In order to obtain more reliable impact data, It is recommended

that more wave impact data be collected. If oossible. In a hlaher sea state.

6. It is also recommended that additional trials be run, especially

at zero speed, in a seaway with sufficient energy near synchronism and

over a broad enough frequency range to obtain an estimate of motion transfer
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CONCLUSIONS AND RECOMMENDATIONS

The limited amount of full scale seakeeping data reported herein

tends to Indicate the following trends for the SSF Kaimalino operating

in Sea State 4.

I. Motions in head and bow quartering seas are smaller than

in stern quartering and following seas up to about 17 knots.

2. Vertical accelerations increase as speed increases in head

and ,ow quartering seas but vary little with speed in stern quartering

and followinq seis.

3. Frequency of wave impacting in the bow area of the bridging

structure apiears higher in quartering and following sea conditions due to

the larger bow down pitch attitudes which occur frequently at these headinqs.

These bow down attitudes are also resDonslble for the two cases of propeller

ventilation. However, propeller ventilation was overcome by trimming the craft

bow up by use of control surface.

4. Since very few samples of itract data were collected during this

trial, It is highly recommended that conclusions concerning frequency of

Impacting and impact pressure magnitudes should not be drawn from this

limited amount of data.

5. In order to obtain more re'fable Impact data, It Is recommended

that more wave Impact data be collected, If posslble. In a hiaher sea state.

S6. It is also recommended that additional trials be run, especially

at zero speed, In a seaway with sufficlent energy near synchronism and

over a broad enough frequency range to obtain an estimate of motion transfer

11



functions for the full scale craft.

7. Additional trials are also recommended to provide an insight

into strategy for controlling the craft in quartering and following seas

by manual or automatic control of horizontal control surface.

Mvi
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TABLE 1 GEOMETRIC CHARACTERISTICS OF THE SSP KAIMALINO

Overall Length 87.8 ft 26.76 m
Submerged length, nose to
trailing edge of rudder (AP) 81.25 ft 24.76 m

Submerged maximum beam 49.7 ft 15.15 m

Diameter of Submerged hulls 6.5 ft 1.98 P1
Displacement 193.75 LTSW 196.9 MTSW
KG, height of CG above baseline 15.39 ft 4.69 m

Longitudinal distance, AP to CG 42.46 ft 12.94 m
KB, height of center of buoyancy 6.03 ft 1.84 m
above baseline

1

I '3



TABLE 2 - SSP KAIMALINO TRANSDUCER LOCATIONS

Measurement Transducer Frame Distance Off the
Centerline

feet (meter)

Pitch

Roll Mark IV

heave Acceleration Stable 24 on Centerline

Surge Acceleration Table

Sway Acceleration

Pitch Rate

Roll Rate Rate Gyro 24 2 (0.6) Port

Yaw Rate

I Relative Bow Motion Sonic 2 (0.6) Stbd

Vert. Bow Accel. Accelerometer 5 on Centerline

Port Vert. Accel. Accelerometer 35 8 (2.4) Port

I P-i Pressure Gage 11-12 7 (2.1) Stbd
P-2 11-12 7 (2.1) PortI P-3 9-10 7 (2.1) Stbd

P-4 S-6 7 (2.1) Stbd

P-5 11-12 1.3 (0.4) Stbd

SP-6 11-12 1.3 (0.4) Port
P-7 10-11 1.2 (0.4) Stbd
P- 7-8 12 (0.4) Stbd

P-9 4.S 4 (1.2) S
P-1O S-6 17.8 (5.4) Stbd

P-11 18-19 1? (3.7) Stbd
P-12 29-30 11 (3.4) StbW

P-13 36-37 16 (4.9) Stbd

P.14 I40-41 19 (5.8) stw
P-IS 49-S0 4 (1.?) Port

P-16 54-55 on t;nerline

P-17 58-59 5 (I.5) Sotd

P-18 59-60 on Centerline

i '1
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SSP KAIMALINO

ZERO SPEED SEA SPECTRA - MLOKAI CHANNEL

I I I

Run Photo 1 Run Photo 2
Significant Wave Height 5.82 ft Significant Wave Height 1 6.08 ft

.8 .77 m) .A (l.BS m)

.4 4 -. 4 - 4

0 0
0 1 2 3 0 1 2 3

Wave Frequency. radians/second

Run Photo 3 Run Photo 3
3. Significant Wave Height * 6.28 ft Significant Wave Height 6.28 ft

- . (1.91 a) (1.91 m)
.8"w 8

0 
'.4 -

4 ~S.4 -4 4 44, ,

o I I
o 1 2 3 0 4 a 12

Wave Frequency. rad/sec Wave Length/Ship Length

I I iI

Run 4040 Run 4050
Significant Wave Height * 5.89 ft Significant Wave Height * 5.56 ft

.8 (1.80 m) A- (1.69 m)

8 8
.4 4

0 1 2 3 0. 1 2 3

Wave Frequency, radians/second

Figure'3 -ZERO Speed Sea Spectra Measured in the Molokal Channel



SSP KAIMALINO

Z(QASPEE E PCTFA KOK(OREAD

IRun 4070 RUM 4GAO

signtlIc.~at Whv* li4tigt ~.3ft $iWl"ftemt wave Heigt ft

Ru 1009 Rn40

F4 4 1
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I Figut~~e 44 - ZERO Sp.ee Kelp Spe.r ttadr~ ftf 41~
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SSP KAIMALINO
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SSP KAINPALINO
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SSP KAIMALINO

HEAD SEA * 1800 Heading

PITCH RATE
8

4
tA
I-
-.

wUj

m ROLL RATE

0

04_)

4JJ

0

S~YAW RATE

0 I I

0 5 10 15 20

SPEED 1:1 KNOTS

Figure 7 - SSP KAIMALINO Motion Rates in Head Sea State 4
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SSP KAIIALINO

HEAD SEA =1800 HEADING

Pressure Gae P-

Pressure Gaqe P- Pressure Gage P-4

0

Pressure Gage P. 11 Pressure Gage P-13

00

0 _ _ __ _

0 10 20 0 10 20

Ship Speod, knots

Figure 8 - SSP KAIMALINO Frequency of Impacting in Head Sea State 4
IN
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SSP KAIMALINO

HEAD SEA 1300 HEADING

Pressure Gaae P-1 Pressure Gage P-1
9.4 knots 16.4 knots

V 11

Pressure Gage P-3 Pressure Gage P-3
9.4 knots 16.4 knots

N1~1:1

100 -100

0-0

a)-

Pressure Gage P- 13 Pressure Gage P-4
9.4 knots 16.4 knots

'A N=18

100- 1006

*IPressure Gage P- 11 Pressure Gage P-5
16.4 knots 16.4 knots

N-11 Ntl

100 -100-

0 70 14~~mpact Pressure 10

Figure 9 -SSP KAIMALINO Impact Pressure Histograms for
~ Pressures Measured in Head Sea State 4
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SSP KAIMALINO

01-1 QUARTERING SEA =135' HEADING

HEAVE DISPLACEMENT

6 20

Ij -

3 10
I-a L
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6 20I
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- 3 1~0

0 0 I
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Figure 10 - SSP KAIMALINO Motions in Bow Quartering Sea State 4
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SSP KAIMALINO

%B0 QUARTERING SEA - 1350 HEADING

PORT VERTICAL ACCELERATION 6 20 PORT DISPLACEMENT
0.4- i

0.2 -3 1- i__ :L of_ ___
0 HEAVE ACCELERATION 20 HEAVE DISPLACEEMENT

I - I I I

0.2 - o3 10

01o 1 t 1 ,4o o 1 0- ,
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Figure 11 - SSP KAIMALINO Accelerations in Bow Quartering Sea State 4
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Figure 20 -SSP KAIMALINO Motions in Stern Quartering Sea State 4
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Figure 26 - SSP KAIMALINO Accelerations in Following Sea State 4
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